Background: Clinical trials and meta-analyses have found that rosiglitazone maleate, a thiazolidinedione that is prescribed for type 2 diabetes mellitus, increases the risk of fractures in women. The association between the use of thiazolidinediones and fractures in men and women is not adequately understood.
ment with a sulfonylurea (hazard ratio [HR], 1.28; 95% confidence interval [CI], 1.10-1.48). The use of pioglitazone hydrochloride was associated with an increased risk of peripheral fracture of 77% in women (HR, 1.76; 95% CI 1. 32-2.38) . Compared with exposure to sulfonylureas, exposure to pioglitazone was associated with more peripheral fractures in men (HR, 1.61; 95% CI 1.18-2.20), but we did not observe a similar association with exposure to rosiglitazone (HR, 1.00; 95% CI, 0.75-1.34).
Conclusions: Both men and women who take thiazolidinediones could be at increased risk of fractures. Pioglitazone may be more strongly associated with fractures than rosiglitazone. Larger observational studies are needed, and fracture data from clinical trials need to be fully published so that fracture risks can be known with greater certainty.
Arch Intern Med. 2009; 169(15) : [1395] [1396] [1397] [1398] [1399] [1400] [1401] [1402] F RACTURES ARE A MAJOR CAUSE of morbidity and mortality, 1 resulting in substantial health care and social costs. 2, 3 Patients with type 2 diabetes, despite having greater bone density, 4, 5 appear to be at higher risk of fractures 6-10 and falls. 11 Factors associated with type 2 diabetes or its treatment could increase fracture risk. 12 Although it has been argued that the use of drugs to control diabetes may reduce the association between diabetes and fractures, 10 a recent meta-analysis of randomized trials of the peroxisome proliferator-activated receptor ␥ agonists (thiazolidinediones)-rosiglitazone maleate (Avandia) and pioglitazone hydrochloride (Actos)-concluded that the use of those drugs more than doubled the risk of fractures in women but did not increase the risk of fractures in men. 13 Observational studies have also shown associations between the use of thiazolidinediones and fractures. A study of the general practice research database of the United Kingdom found an increased relative risk of fracture associated with expo-sure to rosiglitazone and pioglitazone. 14 Another observational study concluded that treatment with a thiazolidinedione, but not metformin, was associated with a higher incidence of fractures. 15 One possible interpretation of that study is that the negative effect of treatment with thiazolidinediones could be the result of a specific action on bone metabolism, and, indeed, human studies have demonstrated that the use of thiazolidinediones can decrease bone formation and accelerate bone loss. [16] [17] [18] [19] [20] [21] Diabetes is a growing problem in North America, 22 and more understanding of the benefits and harms associated with pharmacological treatments is needed. Treatments prescribed should be those that have been proved to reduce morbidity and mortality, not just to reduce blood glucose levels. The main issue is an assumption that oral hypoglycemic drugs can only provide benefit; ie, all glucose lowering must be good. The effect of oral hypoglycemic drugs on bone has not historically been part of treatment decisions. A recent meta-analysis of fractures made an important contribution. 13 However, rosiglitazone and pio-glitazone were combined in that analysis, and only 1 large trial of each drug was available to study an association in men. A single trial contributed two-thirds of the patients who were receiving treatment with pioglitazone, and fracture data from that trial remain unpublished and were instead drawn from the manufacturer's US product information. 13 More data are therefore needed because pioglitazone and rosiglitazone may have different risks and because the trials may have included too few events to detect all important associations.
In a large population-based study in the province of British Columbia (BC), Canada, we explored the association between exposure to thiazolidinediones and sulfonylureas and risk of fracture. British Columbia provided a unique opportunity to contribute more data on fractures in patients treated with thiazolidinediones because, since late 1995, it has maintained a comprehensive PharmaNet database of prescriptions dispensed at all community pharmacies to its large and stable population of 4.3 million persons.
METHODS

DATA
The study received ethics approval from the University of British Columbia (UBC CREB No. H02-70020). The BC Ministry of Health approved the data access. The PharmaNet database contains all prescriptions that have been dispensed at community pharmacies in BC since January 1996. Prescriptions were linked by unique personal health numbers to provincewide BC Ministry of Health databases for hospitalizations, medical services, and medical services registration. Data on hospitalizations were collected by the Canadian Institute for Health Information, which collects hospital data for all Canadian provinces, including Ontario, where the data have been evaluated for accuracy. 23 The completeness of similar databases in other North American jurisdictions has been studied, [23] [24] [25] [26] [27] but we are unaware of any such analyses in BC.
SOURCE POPULATION
The source population included all residents of BC at any time between January 1998 and December 2007 who were also registered for provincial medical coverage according to the BC Ministry of Health client registry file. Federally insured patients (aboriginals, prisoners, and military personnel) were excluded from the source population because we did not have permission to use those data. The patients who were excluded represented approximately 4% of the provincial population. The source population numbered 4.2 million in 2007.
EXPOSURE AND COHORT
The study period was January 1, 1998, to December 31, 2007. We evaluated exposure to the thiazolidinediones (rosiglitazone and pioglitazone) and the sulfonylureas (acetohexamide, chlorpropamide, gliclazide, glimepiride, glyburide, and tolbutamide). Troglitazone was not marketed in Canada. We extracted all prescriptions for those drugs between January 1, 1996, and December 31, 2007. We assembled a cohort of patients from the source population who were incident users of a sulfonylurea or a thiazolidinedione between January 1, 1998 and December 31, 2007 . Initiation was defined as a pharmacy dispensing for a sulfonylurea or a thiazolidinedione without another dispensing for those drugs or insulin in the previous 730 days. Approximately 80% of patients who were receiving oral hypoglycemic drugs in BC received metformin first. We selected sulfonylureas for a comparator instead of metformin because sulfonylureas, like thiazolidinediones, are usually prescribed as second-line drug therapy; therefore, patients using a sulfonylurea were expected to be more comparable to patients who were using thiazolidinedione in the duration and progression of their diabetes. We excluded patients who, in the previous 730 days, received a sulfonylurea, a thiazolidinedione, or insulin; had a fracture (International Classification of Diseases, Ninth Revision [ICD-9], codes 800, 804-807.6, and 808-829) or gestational diabetes (ICD-9 code 648.8) recorded in a medical services claim or hospital record; or were admitted to a long-term care facility.
FRACTURE OUTCOMES
We extracted data on health services use for patients who were diagnosed as having a fracture that was recorded in either the medical services or the hospitalization database. We studied the occurrence of peripheral fractures (ICD-9 codes 810 and 812-828) and fractures of any kind (ICD-9 codes 800, 804-807.6, and 808-829) in women and men who had been exposed to thiazolidinediones compared with sulfonylureas. Fracture sites that were included in the analysis are shown in Table 1 . Cohort members were selected as fracture cases after initiation of treatment with a thiazolidinedione or a sulfonylurea and until the earliest date of the occurrence of the fracture outcome or until December 31, 2007. Patients were followed up until death, until they emigrated from BC, until they became nonadherent to drug treatment (no further prescriptions 60 days after the end of a drug dispensing), or unless they crossed over to the other treatment arm.
COHORT ANALYSIS
We used Cox proportional hazards models to estimate adjusted hazard ratios (HRs) for patients receiving thiazolidinediones com- pared with patients receiving sulfonylureas. We estimated HRs related to 3 contrasts with sulfonylurea exposure: rosiglitazone, pioglitazone, and either rosiglitazone or pioglitazone. Exposures and outcomes were modeled as binary indicator variables. The HRs were adjusted for potential confounders: age (in 10year categories), sex, family income, and index year of treatment initiation. The following covariates were included if recorded within 5 years of the treatment initiation: congestive heart failure (hospitalization for ICD-9 code 425 or 428 or a physician visit for the same plus a prescription for furosemide); ischemic stroke (hospitalization for ICD-9 code 433, 434, or 436); transient ischemic attack (hospitalization for ICD-9 code 435); angina (ICD-9 code 411 or 413); prior acute myocardial infarction (ICD-9 code 410 or 412); prior hypertension (hospitalization or 2 physician visits within 365 days for ICD-9 codes 401-405); peripheral vascular disease (hospitalization or physician visit for ICD-9 code 443); renal disease (ICD-9 codes 584-586 or 403-404); liver disease (ICD-9 codes 0706, 0709, 456.0-456.2, 570-572.8, or 573.3-573.9); osteoarthritis (ICD-9 code 715); and bone mineral density testing. The following covariates were measured and adjusted for within 1 year of treatment initiation: Romano comorbidity score (meant to adjust for confounding by concomitant illnesses by assigning weights to a patient's ICD-9 diagnosis and then summing those weights into a single score) 28 and exposure to metformin, nitrates, bisphosphonates, digoxin, spironolactone, ␤-blockers, calcium channel blockers, clopidogrel, cyclooxygenase-2 inhibitors, benzodiazepines, and oral steroids. Finally, we estimated the number needed to treat or harm with thiazolidinediones using the survival function for the sulfonylurea controls and the HR for thiazolidinedione exposure from our Cox models according to the following equation: NNT/H=1/[Sc(t)-Sc (t) h ], where NNT/H is the number needed to treat or harm; Sc(t) is the survival probability in the controls at time t; and h is the thiazolidinedione treatment HR. 29 We conducted our study according to an analytical protocol that we drafted before the analysis. The original protocol required all cohort members to be prior users of metformin. We later dropped this requirement to increase statistical power after finding that baseline characteristics were the same regardless of that restriction. We adjusted for prior metformin use in the analyses instead, even though it was not associated with fracture risk in our cohort. The decision to estimate the number needed to harm was also made after most of the analyses were completed.
RESULTS
There were 127 581 patients from the source population who began treatment with a sulfonylurea or a thiazolidinedione between January 1, 1998, and December 31, 2007. Of those, 84 339 remained eligible for cohort entry after patients were excluded who (1) received insulin (n = 8097), a drug from the other comparator group (n=29 662), or other antidiabetic medications (acarbose, glucagon, and repaglinide) (n=5684); (2) had a fracture (n=5017) or gestational diabetes (n=177); or (3) were admitted to a long-term care facility (n=2107) in the previous 2 years. Overall, 43 242 patients were excluded. The characteristics of the cohort patients are shown in Table 2 . The average age of the patients in the study was 59 years, and patients in the thiazolidinedione group were 3.8 years younger on average than those in the sulfonylurea group (PϽ.001). Forty-three percent of the patients were women, and, for the 77% of patients with available income data, the average family income was approximately $45 000 Canadian dollars. The average duration of use was 460 days for the thiazolidinedione group and 534 days for the sulfonylurea group. A higher proportion of the sulfonylurea group had renal disease, prior coronary heart disease (myocardial infarction, angina, or congestive heart failure), and coronary interventions. A greater proportion of the thiazolidinedione group than the sulfonylurea group had past use of metformin, antihypertensive agents (except calcium channel blockers and spironolactone), and statins. A lower proportion of the thiazolidinedione group had past use of nonsteroidal anti-inflammatory drugs, digoxin, benzodiazepines, bisphosphonates, and steroids. The baseline characteristics of the patients in the rosiglitazone group and those in the pioglitazone group were similar.
We identified 2214 fractures in the cohorts during followup ( Table 3 ). The average time to occurrence of any fractureeventinthesulfonylurea,rosiglitazone,andpioglitazone cohorts was 1.71, 1.66, and 1.44 patient-years, respectively. Seventy-six percent of fractures were peripheral fractures, and most of the remaining 24% occurred in the spine (8%). However, a greater proportion of fractures occurred at peripheral sites in the pioglitazone group (85%) than in the sulfonylurea group (75%; P value for difference, .03). The proportions of spinal fractures were similar between exposure categories, but one-third as many hip fractures occurred in the thiazolidinedione group (0.1 per 100 patient-years) compared with the sulfonylurea group (0.3 per 100 patientyears).
The HRs from our Cox proportional hazards models are shown in Table 4 . There was a statistically significant 28% higher incidence of peripheral fractures in men and women exposed to thiazolidinediones compared with sulfonylureas (Table 4 : adjusted HR, 1.28; 95% confidence interval [CI], 1.10-1.48). When exposure to each thiazolidinedione was estimated separately, pioglitazone was associated with a significant increase in peripheral fractures in women compared with sulfonylureas (adjusted HR, 1.77; 95% CI, 1.32-2.38), but rosiglitazone was not (adjusted HR, 1.17; 95% CI, 0.91-1.50). In men, the association between thiazolidinedione exposure and peripheral fracture was not significantly different compared with sulfonylureas (adjusted HR, 1.20; 95% CI, 0.96-1.50). However, a subgroup analysis showed a statistically significant increase in men treated with pioglitazone compared with sulfonylureas (adjusted HR, 1.61; 95% CI, 1.18-2.20), but the CIs for pioglitazone compared with sulfonylureas and for rosiglitazone compared with sulfonylureas overlapped. The association between rosiglitazone treatment and peripheral fractures was not significantly different from that of treatment with sulfonylureas in either women or men. Compared with sulfonylureas in a combined analysis of men and women, there was a significant increase in peripheral fractures and fractures of any kind in the pioglitazone and combined thiazolidinedione groups but not in the rosiglitazone group. Estimates in the combined sex analysiswerecomparableto,thoughsomewhatlowerinmagnitude than, the results observed in women only.
We also estimated treatment effects by category of duration of therapy (Ͻ1 year, 1-2 years, and Ն2 years). The HR estimates tended to increase with duration of treatment, but the CIs overlapped across categories. The results of Wald tests for the joint hypothesis of no linear association between categories of exposure duration were mostly nonsignificant except for all fractures in women receiv-ing rosiglitazone (P=.03) and men and women combined receiving rosiglitazone (P = .04). The Figure shows the number needed to harm for patients prescribed thiazolidinediones instead of sulfonylureas assuming a constant HR of 1.28 for peripheral fractures and all fractures. Eightysix patients would need to be treated with a thiazolidinedione for 3 years to produce 1 additional peripheral fracture.
COMMENT
This study provides further data that treatment with thiazolidinediones is associated with an increased risk of frac-ture compared with treatment with sulfonylureas in women, and it provides new data that pioglitazone exposure might increase the risk of peripheral fractures and all fractures relative to treatment with a sulfonylurea in men. Subgroup analyses of each thiazolidinedione suggested that pioglitazone was more strongly associated with fractures than rosiglitazone in our multivariate models. However, the CIs from the subgroup analyses for pioglitazone and rosiglitazone overlapped, which prevents us from making a strong conclusion that the 2 drugs have different fracture risks. The association between pioglitazone and fractures in men must therefore be viewed as a basis for further research rather than as a definitive result. Consistent with the ADOPT trial, 30-32 our data did not show an increased risk of fractures in men who were receiving rosiglitazone, and a recent meta-analysis also showed no change in risk of fractures in men treated with thiazolidinediones. 13 A comparison with those data warrants more discussion. There were 5 randomized trials with sex-specific data included in the meta-analysis. Three of the 5 trials included 15% of patients and only 3 fractures in men. The other 2 trials accounted for 85% of patients and the remaining fractures. One of those large trials was the ADOPT study of rosiglitazone, 30 and the other was the PROactive trial of pioglitazone. 33 An estimate of fractures in men from the ADOPT trial of approximately 1.1 fractures per 100 patient-years in younger men who were receiving glyburide was somewhat lower than our estimate of 1.6 in our control patients. Neither our study nor the trial showed a significant change in fracture risk in men who were receiving rosiglitazone. The fracture data from the PROactive study have not been published. 13 Fractures in the male control patients in that trial, which we estimated to be approximately 0.75 per 100 patient-years based on data from the meta-analysis and trial, were half the rate of 1.6 per 100 patient-years in the sulfonylurea-treated control patients in our study ( Table 2) . Fractures were not significantly increased in men in the PROactive trial, but it is difficult for us to contemplate the discordance between our results and the trial without fully published data from the trial.
Our estimates for pioglitazone exposure and fractures in females were lower but within the CIs reported in the meta-analysis and in each of the 2 largest trials that it included. In contrast to our sulfonylurea control group, and relevant to results in both men and women, the trials in the meta-analysis included control patients who received placebo, metformin, or glyburide. The same results should not necessarily be expected unless it can be assumed that all of those treatments have the same association with fractures.
From Table 3 , it is clear that most nonperipheral fractures in our female cohort members who received pioglitazone occurred in the spine, which could indicate an association between pioglitazone and spinal fractures, but more research is needed, and a strong conclusion cannot be drawn from this observation. Hip fractures were more frequent in the sulfonylurea group. This outcome may have been influenced by residual confounding by age (the sulfonylurea group was somewhat older), but the paucity of hip fractures also prevents a definitive statement.
The chemical structures of rosiglitazone and pioglitazone are similar, but the doses required to achieve a similar reduction in blood glucose levels are higher for pioglitazone than for rosiglitazone (15-45 mg compared with 2-8 mg). A direct comparison of the 2 drugs regarding bone formation and loss in peripheral areas of the body is not yet available, but published data from randomized trials have shown that reductions in body mass index (measured at the lumbar and femoral neck) are similar between the moderate dose of pioglitazone given to premenopausal women in a 16-week trial 19 and the highest dose of rosiglitazone given to postmenopausal women in a 14-week trial. 20 Those trials showed a decrease of 1.5% to 1.7% in body mass index over 3 1 ⁄2 to 4 months, respectively. While those data do not provide a definitive link between greater fracture risk in patients using pioglitazone than in patients using rosiglitazone, they may be viewed as being compatible with the hypothesis that the use of pioglitazone could weaken bones more than the use of rosiglitazone for equivalent reductions in blood glucose levels. There are also data showing that the use of thiazolidinediones is associated with heart failure 34 and that heart failure is associated with fractures, 35 but a metaanalysis of thiazolidinediones did not find evidence of heterogeneous heart failure risks among patients who were receiving thiazolidinediones. 34 A significant strength of this study was the use of the BC PharmaNet database, which captured all thiazolidinediones dispensed at community pharmacies regardless of payer. The comprehensiveness of the provincial Abbreviations: CI, confidence interval. a The P values are from the Cox proportional hazards regression models. b The HRs were adjusted for age, sex, family income, and the following within 5 years of the index date: angina, hypertension, acute myocardial infarction, congestive heart failure, ischemic stroke, transient ischemic attack, hypertension, peripheral vascular disease, renal disease, liver disease, osteoarthritis, and bone mineral density testing. The following covariates were measured and adjusted for within 1 year of treatment initiation: Romano comorbidity score, exposure to nitrates, bisphosphonates, digoxin, spironolactone, ␤-blockers, calcium channel blockers, clopidogrel, cyclooxygenase-2 inhibitors, benzodiazepines, and oral steroids. drug database is valuable because observational studies that capture drug exposure only for persons with insurance coverage or who satisfy prior authorization criteria can cause some exposed patients to be misclassified as nonexposed in a way that is associated with the outcome. The effect of even a modest amount of exposure misclassification could change effect estimates substantially. 36 If our analysis was limited to prescriptions paid by the province, then we would have classified as exposed only 31% of the provincial patients who were being treated with thiazolidinedione.
Our study had limitations that merit discussion. The accuracy of fracture diagnoses in the BC databases is unknown. Our study period ended before there were warnings of a possible fracture association; therefore, ascertainment bias for diagnosing fractures was unlikely to have occurred between thiazolidinediones and sulfonylureas. As with most population-based outcomes studies of prescription drugs, our study was susceptible to channeling bias, which is a type of confounding by indication where marketing leads to sicker patients being more likely to be early users of new drugs. The expected direction of such a bias is to increase the association between thiazolidinedione exposure and fracture. We cannot say whether our study was more influenced by such forces than other epidemiological studies of the thiazolidinediones, but our HRs (Table 4 ) increased after multivariate adjustment, which suggests that the true effects were underestimated.
The thiazolidinedione and the sulfonylurea groups were different in their prior use of metformin at baseline (65% thiazolidinedione and 51% sulfonylurea). Although our models included indicator variables for prior metformin use, it did not appear to be an important confounder as it was not strongly predictive of fractures (51% prior use in fracture patients and 54% in nonfracture patients). Patients were allowed to enter the cohort in January 1998 even though thiazolidinediones were not used in BC before March 1999. That amount of time was not a confounder of fracture risk, and we allowed patients who were using sulfonylurea to enter the cohort starting in 1998 to increase statistical power. However, we verified that limiting our data to 1999 or later produced the same point estimates. We adjusted for age to attenuate potential confounding, and while most confounding by age should have been removed, some residual confounding within age groups could have remained. Because the patients who were using sulfonylureas were older than those using thiazolidinedione, residual confounding by age could have biased our HRs lower.
We analyzed the data in 3 categories of exposure duration (Ͻ1 year, 1-2 years, and Ն2 years). Our estimates in the first year of exposure were attenuated toward the null in women, which was expected because a drug effect on fractures would be expected to occur gradually. Estimates were not attenuated in men who were treated with pioglitazone for up to 1 year, a result that could suggest that pioglitazone has a relatively rapid harmful effect in men or, alternatively, that there was severe unknown confounding in our analysis. However, the rosiglitazone and the pioglitazone groups were very similar in observed baseline characteristics ( Table 2) , and a strong confounder would need to be more influential for pioglitazone than rosiglitazone, which seems implausible. Working in the opposite direction was the limitation that average exposure time in our thiazolidinedione group was less than 1.5 years, which probably attenuated our estimates for combined treatment durations (the "any" category of exposure in Table 4 ) downward.
Our findings suggest that both men and women are at increased risk of fracture as a result of exposure to thiazolidinediones and that pioglitazone treatment may be more strongly associated with fractures than rosiglitazone treatment. Prescribers of these medications should therefore not assume that fracture risk is confined to women who take rosiglitazone. Larger observational studies are needed so that fracture risks with pioglitazone and rosiglitazone treatment can be known with greater certainty and so that specific fracture sites such as the hip can be studied with adequate precision. Future studies should also ideally adjust for potential confounders, such as body mass index and physical activity, that we lacked in our analysis. Fracture data from clinical trials also need to be fully published. There is insufficient clinical trial evidence to show that treatment with thiazolidinediones provides clinical benefits beyond glycemic control, and in the absence of mitigating clinical benefits, mounting evidence of harm should discourage physicians from prescribing those drugs. Figure. Number needed to harm for fractures in men and women in British Columbia who are prescribed a thiazolidinedione instead of a sulfonylurea. The upper 95% confidence limit (CL) for the number needed to harm was 1228 at 6 months.
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